INTRODUCTION
Industry has traditionally been considered a driver of economic growth, particularly in the early stages of development (1) . In the nineteenth and early twentieth centuries, European countries with the lowest percentages of population engaged in the agricultural sector were also the countries with the highest levels of per capita Gross Domestic Product (GDP). For Spain, Rosés, Martínez-Galarraga and Tirado have argued that "the correlation between per capita GDP and industrialization is far from perfect" (2) , but by the early twentieth century, the three regions with the highest level of industrial intensity (i.e., the Basque Country, Catalonia and Madrid) were also the richest in Spain (2, 3) and the ones with the highest Human Development Index (HDI), as the provincial data presented by Escudero and Simón show (4) . In fact, at the provincial level the Spearman's rank correlation coefficients estimated by these latter authors for 1930 show a non-negligible relationship between per capita income and the HDI. This relationship tended to increase in later periods and, according to the data presented by Martínez-Carrión and María-Dolores, remained quite high when height data are used rather than the HDI as a proxy for living standards (5) .
If one accepts that over the long run there is a positive relationship between industrialization, per-capita income and living standards, one might conclude that regions that were predominantly agricultural experienced more modest improvements in terms of living standards. So did agrarian specialization hinder the expected long-term improvements in biological living standards? This is the question this article addresses. In our attempt to answer it, we use height data as a proxy for biological standards of living, and we focus on western Catalonia, specifically on the province of Lleida, the province with the highest levels of agricultural activity. In 1887, more than 80% per cent of western Catalan males were employed in the primary sector (6) ; by 1960, this percentage was, of course, lower, but more than one half of the total active population still worked in activities other than industry and services (7) . We also adopt a long-term and comparative perspective by analysing the evolution of the stature of the western Catalan draftees born between 1840 and 1960 and by contrasting western Catalonia with other less agriculturally oriented areas. In this respect, we explore whether (and, if so, to what extent) the western Catalan population experienced similar improvements in health and nutrition to those achieved in areas with different economic compositions. By means of this approach, we aim to add to the current literature on the urban-rural height differences (8) (9) (10) .
SOURCES AND METHODOLOGY
In this study we use the stature of young men as a proxy for biological living standards. These data come mainly from the Actas de Clasificación y Declaración de Soldados (Acts of Classification and Declaration of Soldiers, hereafter, ACDS). These documents are generally available at municipal level and include a large amount of information, such as the physical stature of the draftees and the year of birth. They sometimes also include data on the conscripts' places of birth, their occupations and levels of literacy, and, occasionally, on their weight and chest width. This information was collected during the recruitment process for military service, which the Recruitment Act of 1837 made obligatory for all young Spanish men. Regardless of their social and economic situation and their physical condition, all young men were summoned for inspection in the year of military enlistment, although not all of them were eventually called up for military service. For example, draftees who did not reach a minimum height requirement were excluded, as were those with physical or mental disabilities; in addition, the only sons of disabled, poor or sexagenarian parents were also exempted from serving.
Our main dataset of height measurements refers to western Catalonia. The final series we use comprises almost 23,000 observations for the cohorts of men born between 1840 and 1960 and enlisted between 1860 and 1980. Height information has been collected at municipal level and includes the main towns in the southern part of the province of Lleida ( Fig. 1 ), namely Balaguer, les Borges Blanques, Cervera, Mollerussa, Tàrrega as well as the village of Juneda. Fortunately, our final series is not affected by censoring or by truncation, which is one of the potential shortcomings of military samples (11); on the contrary, in fact, the distribution of frequencies presented in figure 2 shows a quasi-normal (Gaussian) pattern. There are two reasons for the normality of the distribution: first, in Spain military service was universal; second, we have been able to collect data for almost all the conscripts called up for military service during the period under consideration (22,285 out of 26,024, namely 86%: Table I ). Of course, this does not mean that our data are entirely problem-free. The most apparent shortcoming is to do with changes in the age of recruitment. Over the course of the nineteenth and early twentieth centuries, the military authorities modified the age of enlistment on several occasions. In 1852, military service was made compulsory at the age of 20. In the second draft of 1885, and until 1899, the age was reduced to 19 years. Between 1900 and 1905, it rose to 20, and then rose further to 21 in 1907 (12, 13) . Evidently, these changes in the age of recruitment have implications for the construction of long-term height series. The velocity of height growth changes over the life-span, being comparatively high during the first years of life and rising again during puberty. Thus, comparing the height of draftees measured at different points in their life may bias the final results (14) .
To avoid this bias, we standardised the heights of the draftees at the age of 21 years for the periods during which a different recruitment age was established. Several procedures can be used to standardise the heights of conscripts over time. Some authors have used a longitudinal methodology; for instance, by using the ACDS they have analysed the data available for excluded conscripts, who by law had to be measured on several occasions in the three years after their rejection (15) . For reasons of data availability we used a different methodology, which we have described in previous work (16, 17) . In this particular case, we first took the 50 th percentile in height of three different groups of cohorts of recruits measured at different ages, namely draftees born between 1876 and 1880, who were measured at the age of 19 years; conscripts born in the period 1881-1885, enlisted at the age of 20, and, finally, soldiers born between 1886 and 1890, recruited at the age of 21. Second, we calculated the absolute variation of the 50th percentile height across the different age cohorts. Third, we applied these variations to the corresponding cohorts in order to standardise heights at the age of 21. Thus, we assumed that a man will be 0.75 centimetres taller at the age of 21 than at the age of 20. Similarly, we assumed that 19-years-old would have grown a further 1.10 centimetres by the age of 21, meaning that at the age of 21 they would have been 1.85 centimetres taller (Table II) .
In addition to the dataset for western Catalonia, we also used a dataset of height measurements for the southern Catalan city of Reus, which comprises more than 21,000 observations and covers the birth cohorts from 1840 to 1953 (Table I) . As in western Catalonia, it also follows a quasi-normal (Gaussian) pattern in the distribution of frequencies ( Fig. 2 ). Applying the methodology explained above, when necessary the original height data was standardised in order to produce a homogeneous final series. The series of annual heights for Reus was used for comparative purposes.
With the same purpose of comparison, we also used complementary sources of information other than the ACDS. In this case, the height data refer to Catalonia and include the cohorts born between 1935 and 1960. These data were obtained from the Anuario Estadístico de España (the Statistical Yearbook of Spain) and the Anuario Estadístico Militar (the Military Statistical Yearbook), which summarise data originally published in the Estadística de Reclutamiento y Reemplazo de los Ejércitos (the Statistics on Recruitment and Replacement of Armies). This information, which is always presented at regional level, was made available each year from 1955 until 2000, when compulsory military service was finally abolished in Spain.
Unfortunately, we need to take great care when using this information, because of the way itis presented. First, the available height data only refer to conscripts who carried out their military service, and so draftees who were below the minimum height and those who did not eventually serve in the army were excluded. Second, height data have to be estimated, as they are presented in class intervals and frequencies (which, in addition, may have changed over time). Finally, the sources we use presented the data at regional level, although the regions from the yearbooks are organised according to what were known as anthropometric and demographic regions. This regional organisation of the data does not always match with historical regions: for example, the Balearic Islands were included in the Catalan anthropometric and demographic region.
RESULTS
Did biological living standards improve in the agriculturally-oriented region of western Catalonia over the long run? Figure 3 shows the evolution of height in this geographical area for the cohorts born between the mid-nineteenth and mid-twentieth centuries. The figure makes it clear that the (standardised) height of the 21-year-old recruits rose from almost 165 centimetres in the cohorts born in the period 1840-49 to slightly more than 170 centimetres in those born in 1951-60, namely an increase of 5.7centimetres over 120 years (or 0.47centimetres per decade). This increase was not equally distributed over time, and in fact two different periods can be clearly distinguished. The first one covers the birth cohorts born between the 1840s and the 1890s. In this period, the mean height of the young men in western Catalonia was around 164.3 centimetres and, most importantly, it remained practically unchanged over the long run even though it fluctuated considerably around this mean value. Between the period 1840-1849 and 1851-1860, the height of western Catalan men dropped by 1.4 centimetres, from 164.8 to 163.4, a statistically significant fall (t = 3.000, p = 0.003). Height recovered from the decline in the 1850s, but it dropped again throughout the 1870s (t = 1.146, p = 0.252) and during the second half of the 1880s and the early 1890s (t = 2.105, p = 0.035), finally reaching the level of 164.4 centimetres in the period 1891-1900, which was not very different from the figure for the 1840-1849 decade (164.8).
The beginning of the twentieth century marked a turning point in the evolution of the biological living standards in western Catalonia. In fact, it was only after the early 1900s that the height of the cohorts of western Catalan draftees began to rise (Fig. 4) .
Although annual fluctuations can be observed, the trend remained quite steady over time and was only interrupted during the years of the Spanish Civil War (1936) (1937) (1938) (1939) . The data available show that the cohorts born during these years were 0.6 centimetres shorter than those born in the 1931-1935 period, a statistically significant fall (t = 1.925, p = 0.054). An analysis by decades shows that between 1900 and 1960 the height of young males aged 21 years increased most rapidly in the cohorts born in the 1910s, when it rose by 1.3 centimetres relative to the previous decade, and the 1950s, when the height of the cohorts of conscripts rose from 168. 6 (1941-1950) to 170. 4 (1951-1960) , an improvement of 1.8 centimetres. By contrast, the acceleration of height tended to be more modest in the 1920s (relative to the 1910s) and the 1940s (relative to the 1930s), since in these two periods men's height rose by only 0.8 and 0.6 centimetres respectively.
As the height of the cohorts born between the early and the mid-twentieth century improved markedly, one might expect the same trend to appear with regard to the Body Mass Index (BMI). The BMI is calculated by dividing the weight of the individual (in kilograms) by the square of his or her height (in metres). According to the World Health Organization's international BMI classification (18) , six per cent of the total western Catalan conscripts enlisted prior to the First World War were underweight, while 85% were normal weight, with a BMI of 22.06 kg per cubic meter, a figure similar to that for the whole province of Lleida for the cohorts born in 1883-1886 (19) . Interestingly, the proportion of underweight conscripts had fallen to 1.2% for those born and recruited after the first third of the twentieth century, although it is true that the proportion of overweight recruits had increased, from 9 to 16 per cent.
Thus, using height trends as a proxy, it is apparent that the biological standards of living improved in western Catalonia in the first half of the twentieth century, something that had not happened in the second half of the nineteenth century. Nevertheless, the key point is whether improvements in health and nutrition in this agriculturally-oriented area over the long run were similar to those achieved in other economic contexts, such as the industrial and commercial city of Reus in southern Catalonia. At the present stage of research, this is the only Catalan urban area for which we have birth cohort data covering most of the period between 1840 and 1960 (20) . By 1857, Reus had established itself as a dynamic industrial centre (21) which had become the second largest city in Catalonia with 28,171 inhabitants (22, 23) ; although it subsequently lost population, it maintained this position until around the census year of 1900. In the new century, the city of Reus turned towards services (24, 25) and by 1960 the services sector accounted for 42% of the labour force; industry and building made up 41%, and the rest were employed in the primary sector (7) . Figure 5 compares the long-term evolution in height between conscripts from western Catalonia and those from Reus. A ratio above unity means that the former were taller than the latter, and vice versa. We mostly focus on trends. Interestingly, the available data do not show a linear trend in the ratio between western Catalonia and Reus over the long run, but rather a combination of periods of divergence and convergence. Between the mid-nineteenth century and the first decade of the twentieth, the biological living standards of the western Catalan young men tended to decline relative to those of their counterparts in Reus. It is true that the estimated ratio between these two geographical areas fluctuated considerably, but while the conscripts from western Catalonia born in the period 1848-1852 were 1.1 centimetre taller than those from Reus, the opposite was true for the cohorts born in the period 1905-1909; by this time, the western Catalans were already 1.6 centimetres shorter, although their height disadvantage had actually begun earlier in the cohorts born around 1870, with statistically significant differences for the period 1875-1909 (t = -9.327, p = 0.000). A similar trend emerges if we compare cohorts in western Catalonia and the industrial town of Igualada born between the late 1860s and the years around 1910, since the height of the western Catalans also declines relative to their peers from Igualada (17, 26) .
Divergence was followed by convergence. This new period lasted from the birth cohorts born around 1910 to those born in the mid-1930s, and possibly later. Again, this period of convergence was characterised by rises and falls; the most important fluctuation was recorded in the 1930s, more precisely during the Civil War years (1936) (1937) (1938) (1939) . The final result of this convergence process was that the western Catalan cohorts of men born in the period 1932-1936 once again became taller than their counterparts from Reus, with a mean height of 168.5 centimetres compared with 167.3 centimetres -a statistically significant difference of 1.2 centimetres (t = 3.785, p = 0.000).
Unfortunately, complete height data for the cohorts recruited in Reus during the 1950s are not available. The existing evidence for this city might suggest that divergence began again with the cohorts born in the mid-1930s. However, this is difficult to establish conclusively. Judging from the available data for Catalonia, one might hypothesise that the potential divergence suggested above ended in the mid-1940s and that convergence then resumed and lasted until 1960. One might also hypothesise that mean height was very similar among the recruits from western Catalonia and Reus born in the 1940s and the 1950s and, therefore, the existing differences in height across these two geographical areas were not statistically significant. This was at least the case for the cohorts born in the 1940s (t = 0.168, p = 0.866).
Taking the birth cohorts of the period from the 1840s to the 1950s as a whole, the height of the young men living in rural western Catalonia grew at rates similar to those in Reus, namely more than 5 centimetres. In the case of western Catalonia, the bulk of this increase was concentrated in the first half of the twentieth century.
CONCLUSION
The results presented in the above section contribute to the wider debate on the presence or absence of rural-urban height differences in the nineteenth and twentieth centuries. In both northern and southern Europe and in the United States, heights generally declined in the early stages of the industrialization process (8, 9, 17, 22, 28) , for several reasons: rural migrants to urban areas had a poorer diet in the cities; population growth and rapid urbanization favoured the transmission of diseases; and the health environment deteriorated in urban areas. In this context, the biological living standards of urban dwellers declined both in absolute terms and relative to their rural counterparts. However, as the nineteenth and early twentieth centuries progressed, a combination of factors such as investment in public sanitation, medical and sanitary improvements, and transport innovations led to a rapid increase in height in urban residents and, finally, to the emergence of an "urban premium" and a "rural penalty".
Though broadly accurate, this narrative requires some qualifications, particularly for the nineteenth century. The available research in this field suggests, in fact, that rural-urban height differences tend to be time-and space-specific. The evidence for western Catalonia points in this direction. For the cohorts born around 1850, heights in rural western Catalonia were higher than in the city of Reus as well as relative to other urban centres such as Igualada (17, 26) . Nevertheless, from the cohorts born in the early 1860s onwards the height of young men in western Catalonia began to diverge relative to Reus; and for the birth cohorts of the early 1870s, the western Catalan rural premium had already turned into a rural penalty and continued so for several decades.
To a large extent, this relative decline was due to the long-term stagnation of western Catalan heights in the second half of the nineteenth century. In contrast, the cohorts of conscripts born in Reus between the mid-1860s and the mid-1910s experienced a clear improvement in terms of biological living standards. In western Catalonia, the stagnation of the height of young men in the nineteenth century might be attributed to the poor performance of the region's agriculture. The reality, however, was more complex. After the 1860s agriculture began to benefit from irrigation, and intensive crop farming progressed considerably in the second half of the nineteenth century. Real wages were higher in 1900 than forty years earlier (16, 29, 30) . In spite of these improvements, the transformation of the agricultural sector was, in many respects, partial and limited, andunable to raise the biological living standards of the western Catalans. Whether or not other factors such as family size (31) contributed to this poor performance in terms of health and nutrition should be explored in further research.
Of course, what was true for western Catalonia was not necessarily true for other areas in the Iberian Peninsula. For example, the (standardised) height of rural conscripts from Castile-Leon, eastern Andalusia, Valencia, Madrid and south-eastern Spain recorded improvements of around one centimetre or more between the birth cohorts of 1876-1880 and 1901-1905 (15,32-35) . In fact, in the second half of the nineteenth century rural heights in the region of Valencia exceeded urban heights, particularly when the conscripts were from irrigated areas (36) . In south-eastern Spain rural heights were lower than urban heights in the mid-nineteenth century but had practically caught up by the period 1901-1905 (15) .
Whereas in western Catalonia a "rural penalty" had emerged in the last decades of the nineteenth century, a process of convergence relative to certain urban areas was noted in the cohorts born around 1910. As a result, the western Catalan rural height penalty disappeared, at least compared to the city of Reus. Interestingly, this convergence process was mainly due to the result of a rapid and marked increase in heights in western Catalonia, while the height of young men in Reus stagnated. In regions such as Castile and Leon different pattern was observed, and, in fact, a rural height penalty emerged during the first third of the twentieth century (35) .
The increase in height in western Catalans in the twentieth century ran in parallel with the rise of the agricultural sector, which was now more intense and robust than in the second half of the nineteenth century. For example, by around 1930 agricultural yields more than doubled those of the period 1850-1900 (16) , mainly because of the use of new fertilizers. One might conclude that gains in agricultural productivity translated into better living standards.
Interestingly, for the cohorts born during the 1930s a new rural premium emerged. This premium cancelled out over the course of the following decade, but for the cohorts born in the 1940s, and perhaps in the 1950s, living in rural western Catalonia or in the urban Reus did not make any substantial difference to the mean height of recruits. In other regions such as Valencia, the rural premium found in certain agricultural areas since the second half of the nineteenth century remained in place and indeed gained strength after the Spanish Civil War, particularly in irrigated areas (36) .
So, did agrarian specialization hinder the expected long-term improvements of biological living standards in Catalonia? The evidence presented in this article, though limited, warns against offering any categorical answers. In fact, it stresses the importance of the historical context in the debate on the presence or absence of rural-urban height differences (37) . A limitation of this paper is that is heavily dependent on two series. To our knowledge, these two series are the only currently available records of annual height data for the cohorts born between the 1840s and the 1950s. Having said this, it is also true that the height of young men in rural western Catalonia grew at rates similar to those recorded in the industrial and commercial city of Reus; this suggests that, over the long run, agrarian specialization did not necessarily hold back improvements in biological living standards.
